The rapid, accurate measurement of area in biological materials of varying colors, textures, and shapes is of special concern to the plant scientist. The need for the measurement of leaf area, in particular, has prompted the search for newer and faster methods in recent years. In general, leaf area is an excellent indicator of the photosynthetic capacity of a plant and the measurement of such area is of value in studies in plant nutrition, plant competition, and plant-soil water relations. Leaf size or the total leaf area of a plant may also be an important consideration when studying the response of plants to growth regulators and herbicides.
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Frear (1) has reviewed the laboratory methods employed in such measurements and described an instrument which he designed for the purpose. Frear's method was a simplified version of the integrating sphere technique used in photometry. His apparatus consisted of a light source and photronic cell at opposite ends of a white painted box. A ground glass plate, masked to a circular opening 18 cm in diameter, was placed midway between the cell and light source. A white, hemispherical baffle was interposed in the direct path of the light below the glass so that the response of the cell was primarily a measure of the diffused illumination from repeated scattering of light within the box. When the leaf material was placed on top of the plate it absorbed light, lowering the level of scattered illumination so that the cell response was correspondingly decreased. Since this decrease was a measure both of the area and of the effective absorption and reflection coefficients of the leaf material, it was necessary to calibrate the instrument with known areas of the particular leaf material to be employed. With highly articulated materials such as carrot leaves it was difficult to obtain known areas for calibration. Furthermore, any variation in leaf color or BRIEF PAPERS a "hit-or-miss" type of wedge-pair was devised which has the property that its average density is independent of angle of incidence (fig 2) . This wedge, designed to a constant density taper so that the overlap region of the two parts will have a constant average density, was drawn out on a large scale and reduced with a camera on to glass photographic plates. 4) To combat the effect of line voltage variation, the light source was operated from a variac, the output of which is monitored by a sensitive arrangfement and normal tendency of a collimated beam to be brighter in the center than at the edges, compensation for this was introduced at two points as indicated in figure 1. The primary compensation was carried on a zero-power spectacle-lens blank. This blank was first covered with black paint on one side. The paint coating was then cut away cleanly to leave rings whose proper widths and spacings were computed from light response measurements. The cutting was done on a lathe using a 0.01 inch (25 mm) section of a razor blade edge as the tool. The cutting edge was held at a slicing angle by the spring tension of the blade. Control to 0.001 inch (2.5 mm) was obtainable from the cross feed head. Secondary compensation of residual non-uniformity was obtained with grease-pencil cross-hatching on a glass surface not exposed to dust or handling. Control of this was obtained by moving a hole of fixed area from place to place, hatching or erasing at each spot as needed until the photronic cell current reached a chosen fixed value. 2) In order to obtain uniform response from any photocell or photronic cell, it should be mounted behind diffusing layers to spread out the effect of local "hot spots" on the photoactive surface. This arrangement can be seen in figure 1. 3 ) Because of the nonlinearity of photronic cells, the illumination was always set to a constant level by means of a wedge-type density filter. As an added convenience, the latter was calibrated directly in area units. With f/0.9 Fresnel lenses, light from the edges of the field penetrates the wedges at angles sufficiently far from the vertical that conventional absorbing wedges would appear appreciably more dense to such rays than to central rays falling on the same spot. (For critical problems some consideration has been given to the use of two cells in a balanced bridge; the second cell being mounted to "look" directly at the original light source as monitor. 5) If the bulb were to burn out, some readjustment of the secondary compensation cross-hatching would undoubtedly be required after the replacement was made. To avoid this, the bulb is given an indefinitely long expected life by operating it well below its rated voltage. 6) As with any instrumental conversion of information from perishable material, assurance of reliability of data should be secured. This is done by checking the null-no leaves present-at frequent intervals, and also by checking one or two standard known areas (paper squares) at the beginning and end of each work period. A photograph of the finished planimeter is shown in figure 3 .
In order to obtain an estimate of the error, systematic and otherwise, readings were taken on sample squares of known area. These squares were cut into irregular pieces, and distributed at random, but without overlap over the working surface of the instrument. The sample areas used were 15, 35, and 70 square inches (ca 94, 219, 438 cm2), and 60 readings were made on each sample. The coefficient of variability for each of these known sample areas was computed. The greatest of these was 1.5 %, determined from the 70 square inch (ca 438 cm2) sample area. The deviations of the smaller areas were considerably less.
This instrument has been used to determine the total leaf area of carrot and beet plants which were grown in competition with weed populations of varying density (2) . Leaf area measurements were made at regular intervals as the crops and the weeds increased in size and the competition became more intense. Representative data on the effect of varying degrees of weed competition on the leaf area of carrots are presented in table I. In all cases the coefficient of variability within the treatments was greatly in excess of that found in the planimeter. (Despite the considerable variation within the treatments, a high degree of significance was found between treatments.) It is apparent that under most conditions of biological experimentation, the error of the instrument is small enough to be regarded as negligible. SUMMARY The optical planimeter described above was designed to accommodate large areas and is particularly convenient for the measurement of leaf area. It is capable of rapid determination of irregular areas with high accuracy and is, therefore, suitable for use with many biological materials.
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